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Abstract
Boreal forests support a variety of animals distributed across a matrix of habitat
patches including forests of different ages and stand densities. These forests occur at high
latitudes where cold and moist conditions favor ground layer dominance by mosses and
slow decomposition rates, resulting in a thick soil organic layer (SOL) comprised
primarily of decomposing mosses and roots. However, limited information is available on
how animal use varies across habitat types in northeastern Siberia. Boreal forests of this
region are unique because they are comprised of a single deciduous conifer, Cajander
larch (Larix cajanderi). These forests also occur on a region of permafrost known as
Yedoma, which is both ice and carbon rich. The SOL plays a critical role in plant-soil
feedbacks because it insulates and protects underlying permafrost soils and creates a
barrier to seed germination. In this thesis I take two approaches to understand how
animals use varies between different forest stands, and how animal disturbances influence
ecological processes. In the first chapter, I assess animal use along two gradients
(successional stage and larch stand density). In the second chapter, I examine the effect of
animal disturbances to soil characteristics in an altitudinal boreal treeline region. Data
was collected in summers 2013 and 2014 near the Northeast Science Station in Cherskii,
Sakha Republic, Russia. Results from the first chapter suggest larch stand density may
have strong influences on animal use within larch forests of northeastern Siberia.
Understanding specific traits within different stand densities which promote habitat use
will be important for predicting animal responses to potential stand shifts. The results
from the second chapter suggest that animal disturbances alter soil substrate
characteristics by decreasing SOL depth, leading to warmer surface soils and deeper thaw
depths. These changes may provide a deeper rooting volume and facilitate colonization
and growth of vascular plants, especially shrubs. Because of known differences in the
ecological role of mosses compared to shrubs with regard to carbon and energy balance,
understanding mechanisms by which animal disturbances alter soil characteristics, and in
turn vegetation dominance, is important for predicting future soil-vegetation feedbacks in
a warming climate.
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Chapter One: Thesis introduction
Animal habitat use and ecosystem structure
Habitat selection for animals is based on a variety of cues that deem a particular
site suitable or unsuitable depending on the specific species (M’Closkey 1975; Manson
and Stiles 1998; Mayor et al. 2009). These factors can include food availability (White
and Trudell 1980) and in some instances reproductive success (Orians and Wittenberger
1991; Danchin et al. 1998). Competition, either interspecific (Cody 1981; Rosenzweig
1981) or intraspecific (Adler 1985; Vijayan et al. 2012), may also influence whether a
particular stand is chosen. For instance, hairy footed gerbils (Gerbillurus tytonis) in
Africa increased foraging activity in regions when their competitors, four-stripped grass
mice (Rhabdomys pumilio) were removed (Hughes et al. 1994). In other instances past
experiences or learned behavior can lead to a species avoiding particular habitat cues
(Lima and Bednekoff 1999). Elk in Yellowstone avoid areas where wolf activity is high
in an effort to avoid predation, this behavior was attributed to certain stand characteristics
(Fortin et al. 2005). Regardless of what the exact cue within the habitat is, most likely the
factor(s) chosen for are a reflection of the habitat structure (Sharpe and Horne 1998;
Payer and Harrison 2003; Sullivan and Sullivan 2014). Within ecosystems habitat
structure is highly influenced through a disturbance regime (Swanson et al. 2010).
Cascading effects of disturbance regimes on vegetation successional pathways
determine ecosystem structure and function (Chapin III et al. 2006b) and result in a
mosaic of vegetation communities across the landscape (Sousa 1984). Disturbances vary
in severity (e.g. size of the affected area, amount of biomass lost, etc.), length of
exposure, frequency, and may originate via physical or biological processes. Physical
disturbances occur infrequently, and impact a large area in a short amount of time (e.g.,
volcano, drought, mudslides, fire, etc.). Biological disturbances are products of
interactions between organisms within an ecosystem (e.g., herbivory, tunnel building,
allelopathy, etc., Sousa 1984, Hale and Kalisz 2012). While a biologically disturbed
patch may not be large the typical activity, which created the disturbance, occurs
frequently throughout a vast range. Over time, the continued persistence of the biological
disturbance will influence ecosystems at the landscape scale (Pickett et al. 1989). Both
disturbance types cause a shift in the competitive balance and often allow early

successional plant species to reestablish themselves in the vegetation community (Sousa
1984). However, both physical and biological disturbances affect successional pathways
differently.
Physical disturbances impact successional trajectories by altering ecological
processes within landscapes often over a vast area. The volcanic eruption of Mount St.
Helens in 1980 wiped out existing plant communities through the lateral explosion of the
volcano, pyroclastic flow (fast moving currents of hot gas and rock), and mudslides
initiated by melting snow (Wood and Del Moral 1987; Del Moral and Wood 1993). The
combination of disturbances created a landscape composed of infertile soils and limited
recolonization to early successional species that specialized in fixing nutrients (Halvorson
et al. 1991). Large distances from refugia (areas where remnant populations survived)
also limited the expansion of vegetation to species with high dispersal capabilities (Fuller
and del Moral 2003). However, recruitment and vegetation successional trajectories
following a physical disturbance are influenced by recolonizing animals.
Following a large physical disturbance, plant communities are comprised of both
remnant species as well as new colonizers (Halpern 1988; Swanson et al. 2010). Over
time animals begin observing cues within the habitat and colonize as well (Swanson et al.
2010). This time to colonization between animal species is dependent on when resources
become available as well as dispersal abilities of individual animal species (Wolff and
Lidicker Jr. 1980). Highly mobile animals (such as birds) which prefer early successional
stands may colonize newly disturbed areas as soon as food resources become available
(Pons et al. 2012; Watson et al. 2012). Other animals take longer to disperse, either as an
issue of body size (Bowler and Benton 2005) or as a factor of predation probability
consequences (the amount of time in open area exposed to potential predators; Lima and
Dill 1990; Vijayan et al. 2012). In some instances, animal species may not occur until
certain factors (such as plant abundance, structural cover, or prey species) occur within
the habitat patch (Thompson et al. 1989; Payer and Harrison 2003; Swanson et al. 2010;
Sullivan and Sullivan 2014). However, when an animal does select a patch and begins
using resources within an area the result can impact plant communities through biological
disturbances.
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Biological disturbances influence vegetation successional trajectories by
promoting plant species diversity or inhibiting growth (Sousa 1984). Certain plants have
the capability of influencing their surrounding environment through allelopathic
processes. However, for the purposes of this study I only focused on biological
disturbances caused by animals. For example, after the eruption of Mount St. Helens, the
digging action of Northern pocket gophers (Thomomys talpoides) influenced plant
population dynamics (Andersen and Macmahon 1985) by moving fertile soil above the
volcanic ash layer. As a result, gopher mounds where found to be associated with higher
plant abundance (Andersen and Macmahon 1985). In contrast, the digging action of the
plains pocket gopher (Geomys bursarius), in abandoned agricultural fields in Minnesota,
limited N availability by bringing N poor soils to the ground surface (Inouye et al. 1987).
This in turn, promoted the colonization of early-successional, N-fixing plant species, thus
slowing succession (Inouyes et al. 1987). The most influential biological disturbance
impacting successional processes is herbivory (Kielland et al. 2006). Herbivores often
selectively feed on certain plant species or plant parts (Bryant et al. 1983; Feng et al.
2009) to obtain necessary nutrients. This selective foraging can impact plant demographic
processes by reducing the growth of competitively superior species and promoting
species diversity. Herbivory can also inhibit ecological processes. For instance, there is a
negative correlation with fine root growth as browsing intensities increase (Kielland and
Bryant 1998). As a result belowground C accumulation from dead root material is
reduced (Kielland and Bryant 1998).

Because herbivory occurs daily over a broad

region, impacts can be extensive and influence the pace of vegetation succession
(Davidson 1993).
Arctic Fire Disturbance Regimes
Arctic ecosystems include boreal forest and tundra biomes located at high
latitudes and are characterized by short growing seasons, extremely cold temperatures,
and permafrost (Zhang et al. 1999; Chapin III et al. 2006a; Schuur et al. 2008). Cold and
moist conditions limit decomposition (Hobbie et al. 2000), leading to accumulation of a
thick, carbon-rich soil organic layer (SOL, Gornall et al. 2007). The insulation properties
of the SOL also keep soil temperatures colder and restrict active layer depth (the area of
thawed soil above permafrost, Schuur et al. 2008), which in turn keeps C and nutrients
3

frozen. As a result of these characteristics, Arctic ecosystems hold a large portion of the
world’s terrestrial C stock (Kasischke 2000) in both above and below ground pools. This
is a growing concern as arctic temperatures are expected to increase drastically during the
next century (Vavrus et al. 2012). This warming, and predicted impact on fire activity
(Amiro et al. 2009), makes these C pools increasingly susceptible to decomposition and
release into the atmosphere.
Due to a potential feedback to climate warming, trends in arctic ecological
research focus on plant community response to fire (Jin et al. 2012; Berner et al. 2012;
Alexander et al. 2012; Bret-Harte et al. 2013). Fire is a typical physical disturbance is
boreal forests, with average fire return intervals (FRI) of 200±50 years (Kharuk et al.
2011). In tundra ecosystems, fire occurs much less frequently (357 years, Soja et al.
2006). However, fire events in both ecosystems have been increasing (Bret-Harte et al.
2013, Berner et al. 2012) and regimes are predicted to increase in the future (Balshi et al.
2009). Increases in fire activity can influence successional trajectories via several
mechanisms. Stand age in a boreal forest was found to decrease as the number of standreplacing fires increases (Kasischke et al. 1995). If the next fire happens too soon after
the initial event, there will not be enough mature trees to provide seed for future
generations (Wein 1983). The result of which can lead to a vegetation community nonrepresentative of the pre-fire stand (Johnstone and Kasischke 2005). However during fire
free intervals, animal activity and influences through biological disturbances within
varying habitat types is unclear through some regions of the arctic.
Thesis design
The purpose of this research is to quantify animal use within larch (Larix spp.)
boreal forest communities and investigate small scale animal disturbances on plant
communities within northeastern Russia. While plant-animal interactions are well known
in many arctic regions (Weeden 1969; Kielland et al. 1997; Rydgren et al. 1998; Kielland
and Bryant 1998; Théau and Duguay 2004; Kielland et al. 2006; Olofsson et al. 2009),
little data exist about such interactions in the Siberian arctic. Across the Arctic,
ecosystems experience comparable climate and have similar vegetation functional types.
Yet, vegetation species composition varies among regions, as do permafrost conditions.
Thus, animal use and the impacts of animal disturbances on plant community structure
4

are likely to vary across Arctic regions. This research will add knowledge regarding the
effects of animal use and disturbances on arctic ecosystems and provide information on
an important, yet understudied region.
The following chapters within this thesis are comprised of two related studies I
implemented during two field seasons in Cherskii, Sahka Republic, Russia. Each chapter
was written and organized according to the guidelines for publication in the journal Polar
Biology. The first chapter examines animal habitat utilization along successional stage
and larch stand density gradients. This chapter was designed as an observational
approach to understanding the characteristics that influence stand use by animals within
this region of the arctic. The second chapter examines the effects of small scale
disturbances to soil characteristics in an altitudinal boreal treeline region. The disturbance
may be influencing plant community characteristics, and this study investigates a
mechanism in which animals could create heterogeneity within plant communities. The
combination of these two chapters provides insight as to how animals select habitats
within larch forests of northeastern Siberia, and how animals influence ecological
processes within a particular habitat.
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Chapter two: Animal habitat utilization across larch forests of varying age and
density in northeastern Siberia
Abstract
Boreal forests support a variety of animals distributed across a matrix of habitat
patches including forests of different ages and stand densities. However, limited
information is available on how animal use varies across these habitat types in
northeastern Siberia. Boreal forests of northeastern Siberia are unique because a single
deciduous conifer, Cajander larch (Larix cajanderi), comprises these forests, and
increased fire frequency and severity in response to climate warming are likely to reduce
stand age and increase stand density, with potential changes in animal use in response to
these habitat alterations. In summers 2013 and 2014, I surveyed 15 larch stands near the
Northeast Science Station in Cherskii, Sakha Republic, Russia representing either similar
successional stages but similar stand densities or varying stand density but similar stage. I
surveyed for signs of animal use within the stand, including presence of burrows, moss
and other ground cover disturbances, game trails, scat of small and large mammals and
ptarmigan (Lagopus spp.), and mammalian herbivore browse on willow (Salix spp.) and
dwarf birch (Betula spp.). Dwarf birch density increased along the successional stage
gradient while willow density decreased. Both shrub species densities decreased as
successional age increased. Along the successional stage gradient, moss disturbances
peaked within mid-successional (51.1 ± 23.2 moss disturbances/ha) stands. Along the
stand density gradient, moss disturbances were highest at low-density (51.1 ± 23.2 moss
disturbances/ha) stands, while burrows and ground cover disturbances occurred at higher
densities within mid- and high-density stands, respectively (224.4 ± 85.2 burrows/ha;
140.0 ± 58.2 ground cover disturbances/ha). Mountain hare and Ptarmigan were the only
species with enough scat present for analysis throughout the study sites. Mountain hare
scat was most abundant in late-successional stands (155.0 ± 102.2 piles/ha) and highdensity (157.8 ± 42.92 piles/ha) stands. Ptarmigan scat did not present significant trends.
Animal use occurred more within mid and high density stands with low shrub densities.
Mountain hare browse was the only consistent browse to easily identify, and was the only
type analyzed along gradients. There were no significant trends in browse between sites
along both gradients. However, mountain hare preferentially browsed on willow
compared to dwarf birch within all stands. Given the low density of willow and high hare
scat within mid-density and high density larch stands, the results indicate that hare are not
selecting stands based on the presence of willows. Furthermore, the results from this
study suggest that stand density may have a strong impact on animal use within larch
forests of northeastern Siberia. Understanding the specific traits within different stand
densities that promote habitat use will be important for predicting animal responses to
potential stand shifts as a result of climate warming.
Introduction
Boreal forests in the Arctic are composed of a matrix of habitat patches, including
forests of different ages and stand densities that reflect different disturbance regimes and
times since disturbance (Sousa 1984; Walker and Walker 1991; Walker 1995). Wildfires

are the dominant disturbances in boreal forests (Payette 1992). Because they are typically
stand-replacing and occur at varying frequencies and severities, they create stands of
different successional stage and density across the landscape (Dyrness et al. 1986;
Kasischke et al. 2002). If fire events occur more often a decrease in stand age within
boreal forests will be observed (Kasischke et al. 1995). This could potentially have
negative implications for animal species that rely on older boreal forest stands such as the
Siberian jay (Perisoreus infaustus Linnaeus), Siberian tit (Parus cinctus Boddaert), and
pine grosbeak (Pinicola enucleator Linnaeus; Virkkala 1991; Virkkala and Rajasärkkä
2007). Fire severity has strong influences on stand density (Gower and Richards 1990;
Johnstone and Chapin III 2006; Goetz et al. 2007). As fire severity increases, more of the
soil organic layer (SOL) is burned decreasing organic layer depths (Kasischke and
Johnstone 2005; Greene et al. 2007). The result is a seedbed primed for seedling
establishment leading to increased stand density (Charron and Greene 2002). Stand
density can impact understory vegetation by limiting the amount of light and through fall
precipitation that reaches the forest floor (Anderson et al. 1969). High density stands
contain lower understory vegetation density and diversity compared to low-density stands
(Peterson and Reich 2007), and in turn can support a smaller number of first order
consumers (Currie 1991). Stands of different successional stage and tree density, along
with ground vegetation composition, supports different animal communities (Batzli et al.
1980).
Stand age can influence animal use of a particular habitat (Thompson et al. 1989;
Tews et al. 2004). Typically early-successional stand use is dependent on the type of
disturbance that occurred, as resource availability is based on how much of the
preexistent flora was removed during the disturbance event (Swanson et al. 2010). Fire,
for instance, can leave behind a variety of remnant food and cover resource densities. An
individual wildfire event can differ in severity within a site based on variations of
topography and organic layer moisture content (Bonan and Shugart 1989). The flora of
early-successional stands includes both remnant species present before the disturbance, as
well as early successional species which thrive in newly disturbed land (Halpern 1988).
The animal community is also made up of a combination of animals that are both
specialists to particular stand stages and generalists that tend to be found in many
8

different successional stages (Swanson et al. 2010). However, the consistent factor
promoting animal use appears to be a component of stand characteristics influenced by
stand stage (Parmenter and MacMahon 1983; Manning and Edge 2004; Sullivan and
Sullivan 2014). Herbivores like deer (Odocoileus viginianus Zimmerman) and moose
(Alces alces Linnaeus) begin using stands when they offer certain levels of food or shelter
(Kearney and Gilbert 1976). For predators, habitat use is often based on the abundance of
prey species (Halpin and Bissonette 1988), and at what point in succession those species
are present in a stand (Thompson et al. 1989). The changes associated with animal use
within boreal forest stands along a successional gradient suggest that the stage of a
particular stand could be an indicator of the potential for use of a habitat in boreal forests.
Understory characteristics within plant communities can also influence whether a
species will use a particular stand (Van Horne 1982; Naylor et al. 1985; Litvaitis et al.
1985; Nordyke and Buskirk 1991). Stand density may also impact understory growth. As
stand density increases, canopy cover increases which limits the amount of light reaching
the forest floor. In response, mosses and shrubs within high-density stands may occur at
lower densities when compared to vegetation within low-density stands (Jonasson et al.
1999). Ptarmigan (Lagopus sp.) in Alaska tend to choose regions with high abundances
of willow (Salix spp.), especially during the spring snow melt when they feed primarily
on willow buds (Tape et al. 2010). Shrub density also contributes to habitat selection as a
component of cover for animals (Naylor et al. 1985). Besides being a potential food
resource, shrubs obstruct predator detection by limiting visibility (Sharpe and Horne
1998). Habitat characteristics that influence the ability to see predators can be selected for
or against depending on the anti-predation behaviors of different animal species (Karels
and Boonstra 1999; Hodges and Sinclair 2003). Arctic ground squirrels (Urocitellus
parryii Richardson), prefer an unobstructed line of sight to detect predators and tend to
select habitats with low shrub densities (Hannon et al. 2006). In contrast, smaller rodents
travel further distances to forage in regions where cover is more abundant (Anderson
1986). Regions where canopy cover is high, as a result of high density stands, can limit
shrub density (Anderson et al. 1969) and potentially limit small animal movement within
the stand (Parmenter and MacMahon 1983). The exact relationship between animal
movement and cover provided by shrubs is dependent on the individual animal species.
9

However, differences in habitat preference between animal species suggest that shrub
density could be an indicator for habitat use in boreal forests.
As climate continues to warm in the Arctic (Vavrus et al. 2012), disturbance
regimes are predicted to change (Balshi et al. 2009), which could impact stand
characteristics important for habitat selection by animals. Fire events are occurring more
frequently (Balshi et al. 2009; Bret-Harte et al. 2013), which decreases stand age
(Kasischke et al. 1995). Fires have also burned more severely, which could potentially
increase stand densities (Johnstone and Chapin III 2006; Goetz et al. 2007; Alexander et
al. 2012). These changes in stand age and density could alter animal habitat use within
stands as a result of shifting food and shelter availability. Understanding the factors
influencing habitat selection and use in boreal forest ecosystems will help predict
potential animal responses to altering plant community structure in the future.
One region of the Arctic where current information on animal habitat use is
limited is northeastern Siberia. While range maps provide a general description as to
where to find common animal species across much of this region, these coarse-scale
maps provide no information relating small-scale animal distributions to that of
vegetation communities. Understanding relationships between habitats and small-scale
animal distributions is essential for predicting how plant-animal interactions vary across
shifting habitats. An animal may feed on different organisms in different parts of their
distribution range due to their availability (Senft et al. 1987; Soininen et al. 2013),
predation risk (Verdolin 2006), or competition with other animals (Van Horne 1982).
Mountain hare (Lepus timidus Linnaeus), for example, occur from Fennoscandia to
eastern Siberia (Angerbjörn and Flux 1995). Across this range, their diet shifts from a
wide variety of high-quality grasses and herbs

to low-quality browse like heather

(Calluna vulgaris Linnaeus 1758), twigs and barks of trees (Wolfe et al. 1996). One
reason for this shift occurring is the presence of brown hare (L. europaeus Pallas). In
regions where the two species overlap a competitive exclusion occurs, where mountain
hare are displaced from preferred habitats (Thulin 2003). However, in the absence of
competitive exclusion, mountain hare use food quality instead of quantity as a main
factor in diet selection (Pulliainen and Tunkkari 1987). Without small-scale animal
distributions linked to factors influencing animal habitat, understanding how animals
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respond to changes in forest habitat type as a result of altered disturbance regimes, in
northeastern Siberia is difficult.
This study surveys animal use across two habitat gradients, larch (Larix spp.)
forest successional stage and stand density, in far northeastern Siberia. The boreal forest
of this region is unique, as larch have adapted to grow atop an area of continuous
permafrost (Osawa and Zyryanova 2010). Similar to other boreal forest biomes, this
region is a reflection of previous fire events that created larch stands of varying ages and
densities (Dyrness et al. 1986; Kasischke et al. 1995; Kasischke et al. 2002). Here, I seek
to understand how animal use is influenced through differences in successional stage and
stand densities. Early, mid and late-successional stands of the same density comprise the
successional stage gradient; while low, mid and high-density stands of similar stages
comprise the stand density gradient. Understanding variations in animal use across stand
stage and density will be useful in predicting animal responses to changes in these
parameters, which could occur due to increased fire activity in the boreal forest biome.
General use surveys are a non-invasive sampling technique that provides information
about animal community without having to handle wildlife (Anderson et al. 1979; Mills
et al. 2005). They are a representation of how animals use a particular stand and provide
insight into how much a stand is being used. In addition to surveying for signs of general
use by animals, I also examined animal use through scat counts. Scat provides more
information than the general use category, by revealing that a specific animal was present
at one point. The more scat found in a region indicates a higher level of use by a specific
animal for that particular area (Litvaitis et al. 1985). By examining scat from multiple
species, I was able identify preferences for particular larch stands between different
animals. Preferential browsing of two shrub species across both gradients was another
component of this study. The genera of interest include willows (Salix spp.) and dwarf
birch (Betula spp.). There are various species within Salix and two sub-species of Betula
present; however, intraspecific identification between species can be difficult. For the
purposes of this study I identified dwarf shrubs by genera. These two shrub groups were
the tallest plant species within the understory and provide both cover for small animals as
well as food resources for herbivores (Batzli and Jung 1980; White and Trudell 1980;
Swanson et al. 2010). Willows contain higher amounts of nitrogen within their foliage
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(3.0-6.0%; Chapin III et al. 1980) than dwarf birch (1.5-2.7%; Graglia et al. 2001),
making them a more palatable species to herbivores (Bryant 1981; Kielland et al. 2006;
Feng et al. 2009). Dwarf birch have been found to increase defensive compounds (such as
polyphenols and tannins; Palo 1984) as browsing pressure increases, which make them
increasingly less palatable to herbivores (Kielland et al. 2006). By examining browse,
stands can be identified as important for browsing or another aspect of animal behavior,
such as cover while foraging. Through the general animal use, scat and browse surveys
across the successional stage and stand density gradient, I can begin to make predictions
as to which stand features are important to animal use in northeastern Siberia.
I predicted that each stand will have different amounts of use due to the variation
of larch successional stage or stand density, as well as the corresponding variation in
shrub density and composition. I hypothesized that willow and dwarf birch density would
increase with increasing stand age, which will in turn increase animal use densities. I also
hypothesized that increasing canopy cover associated with increased stand density would
decrease shrub density; thereby limiting animal use within high-density larch stands
because of less cover and food resources from shrubs. Due to the high palatability of
willows, I hypothesized high browse of this shrub species across all stand types. By
examining animal use along larch stand age and density gradients, this study lays the
groundwork for understanding some plant-animal interactions within northeastern
Siberia.
Methods
Study Area
Research was conducted near the Northeast Science Station (NSS) located in
Cherskii, Sakha Republic, Russia (68.74o N, 161.40 oE). The station is located ~250 km
north of the Arctic Circle and ~130 km south of the Arctic Ocean. Temperature ranges
from 12 oC in June to -33 oC in January, with an annual average temperature of -11 oC
(Cherskii Meteorological Station). A single deciduous conifer species, Cajander larch
(Larix cajanderi Mayer), makes up the overstory of the forests in this region. Fire return
intervals within larch forests vary with site conditions but range from 50 to120 years
(Sсhepaschenko et al. 2008). Fire in this region has created a matrix of larch stands of
varying successional ages and densities (Alexander et al. 2012). Because of the remote
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location of Cherskii, many of the locals hunt and trap in the nearby forests to acquire
meat. Animal activities within this region may be a reflection of hunting pressure.
However, due to the relative proximity of all the forests stands measured the effect
caused by humans should be equal across all stands.
To assess how animal use varied with larch stand age and density, I surveyed 15
larch stands varying in these parameters. The successional stage gradient included larch
stands of similarly low density (< 0.11 trees/m2) but different ages: early-successional (<
20 years-old), mid-successional (~70 years-old), and late-successional (> 150 years-old;
Table 1). Surveying different successional stage stands with similar densities controlled
for variation due changing larch densities. The stand density gradient included stands of
the same age (~70 years-old) but different densities: low (< 0.11 trees/m2), medium (0.12
- 1.0 trees/m2), and high-density (> 1.0 trees/m2; Table 1). By surveying different stand
densities with similar ages, I was able to control for variation due to the influence of
stand age. Each forest category along each gradient three replicates at the stand level, but
one of the categories (mid-successional, low-density) was used for both gradients. Stands
were separated by at least 0.5 km. Measurements of larch stand characteristics (age,
density, height, and canopy cover) were collected for early-successional, latesuccessional and high-density stands in 2010 (Alexander et al. 2012) and midsuccessional stands with low and mid-densities were measured in 2014 (Alexander et al.
unpublished data) as part of a different study. This collected data were used for selecting
the sites used in this study. Stand inventories were taken within five plots either 10-m2 for
high density stands and 20-m2 for low density stands. Plots were separated by at least 10
m, and within each plot canopy cover and diameter at breast height (1.4-m tall) or basal
diameter (trees <1.4-m tall) were measured. Canopy cover consisted of any material
restricting light to the understory, including dead trees. Stand height was determined with
5-10 trees within each stand sampled randomly with a clinometer. Stand age was
determined with estimates of secondary growth using Windendro. More in depth
descriptions for how larch stand characteristics were measured are described in
Alexander et al. (2012). There was a modification in larch density sampling for data
collected in 2014. Three 30-m long belts transects were used within each site and varied
in width (as a response to sampling effort) for high-density (2-m wide), mid-density (4-m
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wide) and low-density (4-m wide). Larch stands were sampled for animal use once either
in July and August 2013 or July 2014. At least one stand from each category was
measured in one of the two years. Weather patterns between the two years were also
similar (Cherskii Meteorological Station). These larch stand types are a good
representation of the variation in larch communities found throughout the boreal forests
near the NSS in northeastern Siberia (Alexander et al. 2012).
Ground layer vegetation cover within the study areas varied by stand type, but
was typically comprised of a similar collection of species. Mosses were primarily
represented by Aulacomnium turgidum (Schwaegrichen), and the most common lichen
identified was Cladonia rangiferina (Linnaeus). Evergreen shrubs included cranberry
(Vaccinium vitis-idaea Linnaeus), Labrador tea (Rhododendron subarcticum Harmaja),
and crowberry (Empetrum androgynum Linnaeus). The dominant tall deciduous shrubs
were willow (e.g. S. alaxensis Anderson, S. glauca Linnaeus, and S. pulchra Chamisso)
and dwarf birch (e.g. B. nana subsp. exilis and B.n. subsp. divaricate Linnaeus), and the
dominant short shrub species was blueberry (Vaccinium ovalifolium Smith). Forb species
(e.g.

Artemisia

tilesii

Ledebour,

Pedicularis

lapponica

Linnaeus,

Epilobium

angustifolium Linnaeus, Rosa acicularis Lindley) and grasses were also observed at
varying abundances within the stands.
General Animal Use and Scat
Animal use surveys were conducted to compare levels of use across the different
larch stand communities. Due to time constraints, identifying animal signs was an easy
way to gather information about animal communities within different larch stands. In
each stand, animal use was quantified along five 10-m wide by 30-m long belt transects.
Transects were selected randomly within the stand, separated by 30 m and at least 50 m
from the road or stand edge. Use categories recorded included burrows, moss
disturbances, ground cover disturbances, and game trails. Burrows were defined as holes
dug into the organic layer by an animal, including both an entrance and exit hole within
1-m of each other. Moss disturbances were areas of pulled up moss clumps from the moss
layer. Area affected was typically < 0.25-m2. Ground cover disturbances occurred in
regions with minimal moss present and were areas of pulled up organic layer roughly 3-4
cm in diameter. They were found in groupings of 5 to 20 and separated by 2-5 cm. Game
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trails were paths on the forest floor narrower in width than a human foot created by the
back and forth movements of an animal. Large animal (e.g. moose, brown bear (Ursus
arctos Linnaeus)) scat was identified and density quantified along three of the five 30-m
long transects. Small animal (e.g. mountain hare and ptarmigan) scat was identified and
density quantified along the same five transects. However, due to the increased search
intensity, and the high abundance of small animal scat, belt transect width for this survey
was restricted to 2-m wide Transects for both general animal use and scat surveys were
averaged within each stand for a single value for each category.
Browse Survey and Shrub Density
A browse survey using the point centered quarter method (Cottam et al. 1953)
was used to estimate willow and birch densities and to determine browse extent upon
both shrub species groups within each larch stand. Nine points were selected along the
first three 30-m long transect lines used for the animal use survey to survey for browse.
Browse and shrub density was sampled in four quadrants centered on three points along
each transect, which were separated by 10 m and began at the 5-m mark. Within each
quadrant, distance was measured from the transect point to the nearest willow and birch,
and a total of 27 individuals were measured for each shrub species group. The distances
measured were then used to calculate shrub density through the point centered quarter
method. Shrub basal diameters were measured using calipers (accurate to 0.01 mm).
Basal diameters were used to calculate shrub heights through allometric equations
(Berner et al. 2015). Allometry is a method used in which robust models can accurately
predict plant characteristics such as height (West et al. 1999; Niklas and Enquist 2001).
The equation used was:
H = aBDb
where H was height in cm; BD was basal diameter is cm; and a and b were fitted
coefficients based on species group (Willow a = 79.72, b = 1.01; Dwarf birch a = 62.1, b
= 0.78; Berner et al. 2015). By understanding variations in shrub density and height, I can
begin to make inferences on habitat selection based partially on shrub availability or
height. I also assessed the level of browse endured by the plant. Browse intensity was
classified into four categories based on percentage of the plant’s stems that had been
browsed: no browse (0%), low (1-33%), moderate (34-66%), and high browse (6715

100%). Browse type was designate as ‘hare’ when twigs were cut clean and at a 45o angle
and as ‘other’ when the specific identity of the animal responsible could not be identified.
Twigs in the ‘other’ category underwent bark stripping or gnawing. Due to the
uncertainty of the species responsible for browse in the ‘other’ category, I focused the
browse analysis only on ‘hare’ browse.
Statistical Analyses
Shrub community data and animal use data were tested to identify similarities and
differences between larch stands. Comparisons of shrub density, basal diameter, and
height were made using a two-way Analysis of Variance (ANOVA) with ‘state’ (either
successional stage or stand density), ‘species’ (willow and dwarf birch), and their
interaction as fixed factors. General animal use categories (burrows, moss disturbance,
ground cover disturbance, and game trails) and scat densities were compared within each
gradient using a one-way ANOVA. General animal use or scat densities were used as the
dependent variables and ‘state’ (either successional stage or stand density) as the fixed
factor.
I determined differences in mountain hare browse density between different larch
stands using a two-way ANOVA with ‘state’, ‘species’, and their interaction as fixed
effects. However, comparing densities of shrubs browsed is an incomplete assessment of
animal selection. Because shrub species density can vary across the landscape, the
amount browsed is a reflection of both their abundance in the community and animal
selection. In order to determine if particular species is being selected for more, a browse
preference index (BPI) was calculated with the following ratio:

In which the value for species was either willow or dwarf birch. Individual z-Tests were
run to assess if the ratios were > 1, indicating preference, or < 1, indicating avoidance
(Batzli and Jung 1980; Batzli and Pitelka 1983). The BPI only accounts for two shrub
species, which does not represent overall mountain hare diet preferences, only differences
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between these two shrubs. However, the BPI indicates if mountain hare feed on these
shrub species out of opportunity (in this case shrub density) or because hare prefer a
particular shrub over the other (Pande et al. 2002).
Prior to all analyses, data were tested for model assumptions of normality (using a
Shapiro-Wilk W test) and homoscedasticity (using a Brown-Forsythe test). Data were
square root transformed for shrub density and scat density and fourth root transformed for
burrow and moss disturbance density to meet these assumptions. Significant treatment
effects (p < 0.05) were followed with a post-hoc Tukey’s honestly significant difference
(HSD) test to determine differences among treatment means. All analyses were run using
JMP v. 11 statistical package (SAS institute 2013).
Results
Larch Stand and Shrub Characteristics of Varying Successional Stages
Along the successional stage gradient, larch stands varied not only by stand age
(Table 1.1) but by shrub characteristics, which varied by shrub species. The interaction
for shrub density between successional stage and species was significant (p = 0.03; Table
1.2; Figure 1.1 A). Birch densities were ~ 6 times greater in mid-successional (60,306 ±
10,803.0 birch/ha) larch stands than in early-successional stands (4,140.3 ± 2,396.0
birch/ha; p = 0.04). Birch density in late-successional (38,170.2 ± 16,552.0. birch/ha)
larch stands was not different from early-successional (p = 0.34) or mid-successional (p =
0.82). Willow density appeared to decrease from early to late-succession; however,
willow density was not significantly different across stand stages (p = 0.26; Figure 1.1
A). Willow density appeared to be greater than dwarf birch density in the earlysuccessional stands (13,700.0 ± 5,557.0 willows/ha; 4,141.3 ± 2,396.0 birch/ha);
however, the difference was not significant (p = 0.30; Figure 1.1 A). Shrub height was
similar within shrub species between age groups, but willows were taller than birch
within each age category (p = 0.02, Figure 1.1 B; Table 1.2).
Larch Stand and Shrub Characteristics of Varying Stand Densities
Larch stands displayed unique vegetation traits along the stand density gradient.
Canopy cover appeared to increase along with increased stand density (Table 1.1). Shrub
density displayed significant differences between stands (p = 0.03) and between species
(p < 0.01; Table 1.2; Figure 1.1 C), but there was no effect between their interaction (p =
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0.10). Dwarf birch densities in the low-density (60,306.0 ± 10,803.0 birch/ha) and highdensity (18,396.1 ± 1,555.6 birch/ha) stands were significantly different (p = 0.03), but
both had similar densities in mid-density stands (38,973.6 ± 11,571.6 birch/ha; lowdensity p = 0.33; high-density p = 0.52). Willow density was significantly higher (p=
0.03) in low-density (10,081.0 ± 3,585.0 willow/ha) stands compared to high-density
stands (3,606.0 ± 277.0 willow/ha), but both categories were similar to willow density in
the mid-density stand (6,992.5 ± 1,262.0 willow/ha; low-density p = 0.16; high-density p
= 0.12). Dwarf birch occurred at higher densities than willow within each stand along the
density gradient (p < 0.01; Figure 1.1 C). Willows were taller than birch in all stand
density groups (p < 0.01; Table 1.2; Figure 1.1 D).
General Animal Use within Larch Stands
Animal use associated with successional stage and stand density gradients were
similar within most categories however both displayed both differences between moss
disturbance groups (Table 1.3). Moss disturbance was the only category to display
significant differences in disturbance densities, and was higher (p = 0.05; Table 1.3;
Figure 1.2 B) in mid-successional (51.1 ± 23.2 moss disturbances/ha) stands than early
(2.2 ± 2.2 moss disturbances/ha) or late-successional stands (6.7 ± 6.7 moss
disturbances/ha). Burrows (Figure 1.2 A), ground cover disturbances (Figure 1.2 C), and
game trails (Figure 1.2 D) all had similar densities across the successional stage gradient
(Table 1.3). Similar results occurred along the stand density gradient. Moss disturbance
density (Figure 1.2 F) in low-density (51.1 ± 23.2 moss disturbances/ha) stands was
greater (p = 0.05) than in the high-density (4.4 ± 2.2 moss disturbances/ha) stands. While
results within the burrows and ground cover disturbance densities along the stand density
gradient were not significant, the data did seem to follow a trend. Burrow densities
(Figure 1.2 E) appeared to increase as stand density increased (p = 0.08). Burrows
occurred in higher densities within mid-density (224.4 ± 85.2 burrows/ha) and highdensity (206.7 ± 17.6 burrows/ha) stands than in low-density (80.0 ± 21.4 burrows/ha)
stands. Differences in ground cover disturbance densities (Figure 1.2 G) within the stand
density gradient appeared to follow the same trend (p = 0.10). Ground cover disturbances
occurred in higher densities within mid-density (135.6 ± 2.2 ground cover
disturbances/ha) and high-density (140.0 ± 58.2 ground cover disturbances/ha) stands
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than low-density (28.8 ± 17.4 ground cover disturbances/ha) stands. Game trail densities
(Figure 1.2 H) were not significantly different (Table 1.3) across the stand density
gradient.
Scat Densities within Larch Stands
Scat was only found for small animals within all the stands. Small animal species
identified by scat within both gradients of larch stands included mountain hare,
ptarmigan, fox (Vulpes spp.), and short-tailed weasel (Mustela erminea Linnaeus).
However, mountain hare and ptarmigan were the only species whose scat was found at
high enough densities for analysis. Scat of mountain hare occurred at different densities
within the successional stage gradient (p = 0.05; Table 1.3). Hare scat occurred in higher
densities within late-successional (155.0 ± 102.2 piles/ha) stands than the midsuccessional (6.7 ± 1.0 piles/ha) stands, and early-successional (37.8 ± 15.6 piles/ha)
stands were similar (p = 0.30; Table 3) to the other two groups (Figure 1.3 A). Ptarmigan
scat densities did not differ across larch successional stages (p = 0.33; Figure 1.3 B).
However, scat densities were the highest in early-successional (40.0 ± 11.5 piles/ha)
stands compared to mid-successional (24.4 ± 8.9 piles/ha) and late-successional (17.8 ±
8.9 piles/ha) stands.
Scat densities of hare and ptarmigan displayed a similar trend across the stand
density gradient. Hare scat density increased as larch stand density increased (p = 0.02;
Figure 1.3 C; Table 1.3). Hare scat in high-density (157.8 ± 42.9 piles/ha) stands was
greater (p = 0.01) than scat densities in the low-density (6.7 ± 1.0 piles/ha) stands, and the
mid-density (66.7 ± 11.5 piles/ha) stands were similar to both low (p = 0.30) and highdensity (p = 0.11) stands. Ptarmigan scat densities were not different between the stand
density categories (p = 0.52; Figure 1.3 D; Table 1.3).
Hare Browse within Larch Stands
Hare preferentially browsed upon willow within each of the age and stand density
categories. Similar browse densities across both larch stand gradients (Table 1.4) created
the appearance that no preference was occurring in either age or stand density gradients
(Figure 1.4). However, a comparison of densities of individuals browsed to the density of
shrubs species present (browse preference index), revealed that mountain hare browsed
on willow at a greater rate, than the species was available, than browsing rate of dwarf
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birch (Figure 1.5; Appendix 1). While dwarf birch had higher densities in almost all of
the stands sampled, willows were browsed upon more, suggesting that mountain hare
exhibit preferential browsing.
Discussion
Animal use within the stands sampled generally occurred at different densities
that appeared to follow specific trends. However, not all trends occurred as predicted. For
instance, the only general animal use category that exhibited trends along the
successional stage gradient was moss disturbance. Mid-successional, low-density stands
had the most moss disturbances and the highest density of dwarf birch along both
gradients. However, moss abundance could also play a factor in this result as the highest
abundance of moss could occur in the mid-successional low-density stands. Along the
stand density gradient, burrows, ground cover disturbances, and mountain hare scat
appeared to have higher abundances in mid and high-density stands, which seem to
coincide with a decrease in shrub density. This trend suggests that high shrub density is
not necessarily a factor driving animal use within my general use categories. In addition,
these results suggest that mountain hare may be selecting high-density larch stands for
reasons other than feeding on shrubs, such as protection from predators or a different
available food resource. The browse survey for mountain hare did follow my prediction
that willows would be preferentially browsed upon over birch in all sample sites
regardless of willow density. The results from the general animal use, scat, and browse
surveys along both gradients provide an initial framework for understanding how larch
stand characteristics influence animal use.
Animal Use across Larch Successional Stages
General animal use along the successional stage gradient did not appear to favor
one stand over another. The one exception was more moss disturbances within the midsuccessional stands compared to the other two stand ages. Overall, these results appear to
be inconsistent with what is understood about successional stage as an indicator of animal
use. For example, deer mice (Peromyscus maniculatus Wagner) in boreal forests of
Canada are consistently found in young (0-15 years from disturbance) forest plots (Pearce
and Venier 2005). Young stands provide a high diversity of plant species which attracts a
variety of animal species (McLoughlin et al. 2002; Swanson et al. 2010). Ungulates in
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British Columbia tend to favor the diverse forage found within early-successional stands
(Swanson et al. 2010). In contrast, predators such as lynx (Lynx canadensis Kerr), red-fox
(Vulpes vulpes Linnaeus)and martens (Martes americana Turton) are only found in older
boreal forest stands in Canada (> 20 years), which is attributed to the presence of
snowshoe hare (Thompson et al. 1989). The similarities found within my plots for
burrows, ground cover disturbances, and game trails could be a representation of the low
larch density, common between stands of this gradient. However, these signs of animal
use quantified in this study may not be the characteristics commonly associated with
animals that use low density-stands. Regardless, the data from this study suggest that
successional stage is not a strong indicator of animal use within the larch forests near
Cherskii. Animals may be selecting sites base on other stand structure characteristics.
Animal Use within Larch Stands of Varying Density
Generally, animal use varied along the stand density gradient and did not appear
to be influenced by shrub density. Rodents move around or forage more when higher
levels of cover are present (Anderson 1986). While shrubs can provide cover, the large
amounts of animal use in mid and high-density stands suggest that a different feature
within the stands was being selected for as cover or a different feature other than cover
may be important for site selection. The patterns noted are consistent with what is known
about animal behavior in regards to forest stand density. The density of downed logs in
Canadian boreal forests had a positive impact on the density of voles and mice (Pearce
and Venier 2005). Fallen trees provide a structure that animals can use as cover during
foraging (Ecke et al. 2001) or when creating burrows (Beisiegel 2006). The burrows
identified in this study were noted to occur more frequently around roots and fallen trees
commonly found within the mid and high-density stands. These stands were most likely
the product of a fire disturbance that burned at a high severity, as a more severe fire
would lead to an increase the density of fallen trees (Heinselman 1981). Increasing stand
density, as a result of a severe fire (Alexander et al. 2012), could explain the increase in
use densities seen in burrows and ground cover disturbances. While the differences in
burrows and ground cover disturbances between low-density stand and mid and highdensity stands were not significant, that result could be a reflection of low use densities
within the study sites. Increasing study sites and sample sizes could provide similar
21

results that are significant. The lower densities of moss disturbances in mid and high
density stands could be from limited moss abundance within those stands. Increasing
canopy cover, from increasing stand density, restricts the amount of light that reaches the
forest floor and limits moss growth (Jonasson et al. 1999; Bergamini and Peintinger
2002; van der Wal et al. 2005). In addition, increased canopy cover also leads to greater
inputs of leaf litter, which can bury and limit moss growth (Schmalholz and Granath
2014). Limited moss cover would then lead to less moss disturbances within the mid and
high-density stands. The differences noted in general animal use, with the exception of
moss disturbances, suggest that stand density may have a large impact on stand use by
animals.
Scat across Larch Successional Stages
Scat abundances for both mountain hare and ptarmigan displayed opposite trends
across the successional stage gradient. Mountain hare scat occurred in higher densities in
the late-successional stands compared to early and mid-successional. Little is known
about mountain hare use within various successional ages. However, snowshoe hare (L.
americanus Erxleben) in Canada appear in boreal forests stands 20 to 50 years of age
(Thompson et al. 1989). My data reveal a similar trend in the mountain hare species,
where more use was identified in late-successional stands. In contrast, ptarmigan scat
occurred more within the early-successional stands, which also had the highest
abundance of willow across the successional stand gradient. Ptarmigan tend to feed
heavily on willow, especially during the spring snow melt (Weeden 1969; Tape et al.
2010). Regions with higher willow densities, like the early-successional stands, should
attract more ptarmigan. The differences between the mountain hare and ptarmigan scat
densities reveal a varying habitat preference between these two species. This supports the
notions that animals have different life history requirements and the importance for a
mosaic of habitat patches of different successional stages (Tews et al. 2004). While the
data suggest an importance of stand age at the species level, successional stage alone may
not be a large indicator of animal use.
Scat within Larch Stands of Varying Density
Mountain hare scat density increased with the increasing larch stand density, but
no significant trend occurred for ptarmigan scat along this gradient. The result found for
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mountain hare was not predicted, as I suggested use would follow increase as shrub
densities increased. The highest hare scat densities occurred in high-density stands where
shrub densities were the lowest. While shrubs comprise a portion of mountain hare diet
(Pulliainen and Tunkkari 1987), habitat use may be driven by either different food
sources (Wolfe et al. 1996), antipredator behavior (Lima and Dill 1990), competitive
exclusion (Thulin 2003) or a combination of factors (Verdolin 2006). The data here
suggest that mountain hare are not selecting stands based on shrub abundance. I would
suggest that a combination of diets and antipredator behavior is playing a large role.
Mountain hare feed on a variety of plants and could feed on more forbs and grasses
during the summer months (Wolfe et al. 1996). The results for ptarmigan were also
unexpected, as I predicted use to diminish with decreasing shrub densities. Willow
density appeared to be a potential driver for stand use in the early-successional stage
category. However, trends were not significant and no clear influence can be determined
at this point. Previous studies do suggest ptarmigan could be selecting these sites for
roosting or nesting (Andreev 1991; Wiebe and Martin 1998; Wilson and Martin 2008;
Henden et al. 2011), as longer periods of time in one spot leads to higher densities of scat
(Watson 1972). Due to the high probability that pellets (for both species) break down
over summer and following snow burial, the scat found was most likely no more than two
years old. Snow depth impacts ptarmigan roosting site selection (Andreev 1991), stands
with high larch density could offer more consistent snow depths with limited interactions
from high winds (Walker et al. 2001; Bocca et al. 2013). Nesting site selection is
influenced by available cover (Wiebe and Martin 1998). Ptarmigan scat in this study was
often found at the base of trees within the mid-density and high-density stands where
woody debris and branches provided regions of high cover. The similarities between both
hare and ptarmigan suggest that stand density plays a role in animal use, with greater
preference for denser larch stands.
Hare Browse across Larch Successional Stage and Density
Mountain hare browsed on willow at a greater rate than was available for willow
specie in all of the larch stands. Shrub height could be playing into this role, especially
during the winter months. Willows could be the only shrub taller than snowpack, making
this shrub easy to spot and consume (Nordengren et al. 2003). A more in-depth
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examination into diet throughout the year would answer questions related to the
importance of this shrub species to mountain hare. Regardless, this pattern could suggest
a preference for willow by mountain hare. However, a more in depth study including a
wider range of browsed species would be required to identify a true preference. If a
preference for willow does exist by mountain hare then that could lead to some ecological
consequences. The decrease in willow density across successional age also suggests that
browsing could provide a competitive advantage for birch to grow and take over as the
dominant shrub species (Walker et al. 1986; Kielland et al. 2006). The data from the
browse survey suggest that while there is a preference for willow by mountain hare,
willow densities are not a strong influence on habitat use by this species.
Conclusion
As seen from the data, animal use is not a simple function of a few stand
characteristics (i.e. stand age, shrub density, etc.); instead, I suggest that habitat selection
is a complex system where individual animal species identify specific habitat features
(i.e. food, cover, etc.). The patterns identified with use, scat, and browse along
successional stage and stand density gradients offer direction into understanding the
connections between animals and larch communities. Stand density appeared to influence
animal use the most, as more use was noted in mid- and high-density stands. Along the
successional stage gradient, mountain hare scat density was the greatest in the latesuccessional stages where dwarf birch density was high. However, this trend is most
likely not due to the presence of shrubs, which is suggested by mountain hare preference
for willow and the relatively low density of willow in this stand. Patterns in snowshoe
hare habitat use also reveal that shrub density is not a strong indicator for stand use
within boreal forests (Litvaitis et al. 1985). The question raised then is, if shrub density
within stands is not a strong influence on increased habitat use, which stand feature does
promote greater densities of animal use? This is of course based on individual animal
species. Many studies have found greater intensities of use related to the presence of
coarse remnant organic debris (e.g. woody debris, snags and tree tip-up) (Payer and
Harrison 2003; Manning and Edge 2004; Pearce and Venier 2005; Fauteux et al. 2012;
Sullivan and Sullivan 2014). Remnant organic debris could increase animal activity in
larch forests, as I noted many signs of rodents using burned or fallen logs for nests.
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Investigation into the importance of remnant organic debris for animal use in northeastern
Siberia would increase our understanding of habitat use, and potential consequences of
altered disturbance regimes due to climate warming. In the event that increased fire
severity in northeastern Siberia causes increased larch mortality and thus increases the
number of fallen trees, animal use within stands could increase. Studies investigating the
importance of remnant organic debris

by removing stand understory structure (e.g.

removing shrubs and snags) show mixed responses between species, where some species’
populations and stand use increased, while others disappeared from the stand (Manning
and Edge 2004; Fauteux et al. 2012). Once key aspects of forest structure are removed,
species that rely on them move out in search of those aspects elsewhere (Hansen et al.
2001; Gray 2005). I would suggest that future work involving animal use within larch
forests of northeastern Siberia encompass specific animal use along stand density
gradients and include more specific measurements of stand characteristics (e.g.
understory vegetation, coarse woody debris, remnant stand debris (i.e. burned logs)
organic layer depth, etc.). This study indicates that animal use across the region may
follow patterns, which were more pronounced along the successional stand gradient.
Understanding these patterns will aide in predicting how animals respond to habitat
changes as a result of altered fire regimes in larch forests of northeastern Siberia.
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Figure 1.1: Means shrub data for willow and birch species within different larch stand gradients
(successional age and stand density) in northeastern Siberia. Data includes shrub densities and shrub
height for successional stage (A and B respectively) and larch stand density (C and D respectively). Shrub
data categories that had significant differences (p < 0.05) were followed by a Tukey’s honestly significant
difference post hoc test, and are represented with lowercase letters. Letters above the bar graph represent
similarities among gradient groups. Categories that share the same letter are not significantly different
from each other.
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Figure 1.2: Mean general animal use densities within different larch stand gradients (successional age and
stand density) in northeastern Siberia. Data includes burrow density, moss disturbance density, ground
cover disturbance density and game trail density for successional stage (A, B, C and D respectively) and
larch stand density (E, F, G and H respectively. Animal use categories that had significant differences (p <
0.05) were followed by a Tukey’s honestly significant difference post hoc test, and are represented with
lowercase letters. Letters above the bar graph represent similarities among gradient groups. Stand groups
that share the same letter are not significantly different from each other.
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Table 1.1: Mean ± SE of larch stand measurements for successional stage and stand density
gradients in boreal forests of northeastern Siberia. The mid-successional and low density stand
categories are the same stand, the numbers are duplicated for easier visual comparisons within
the along each gradient.
Successional Stand
Stand density
Canopy
Stand
Stand age
stage
(trees/ha)
cover (%)
height (m)
(years)
1
0.0 ± 0.0
7.9 ± 1.6
0.4 ± 0.1
13
Early-successional
2
0.0 ± 0.0
7.5 ± 0.6
0.0 ± 0.0
9
3
0.0 ± 0.0
2.9 ± 0.9
0.5 ± 0.1
13
1
2
3

1000.0 ± 1000.0
1000.0 ± 100.0
300 ± 0.0

16.5 ± 2.7
13.1 ± 2.1
10.5 ± 6.6

7.4 ± 1.2
5.9 ± 0.3
6.7 ± 0.3

74
74
74

1
2
3
Stand

Low-density

1
2
3

1000.0 ± 0.0
1000.0 ± 1000.0
1000.0 ± 1000.0
Stand density
(trees/ha)
1000.0 ± 1000.0
1000.0 ± 100.0
300..0 ± 0.0

6.1 ± 1.2
28.6 ± 9.1
20.6 ± 4.8
Canopy
cover (%)
16.5 ± 2.7
13.1 ± 2.1
10.5 ± 6.6

8.8 ± 0.4
8.8 ± 1.2
8.3 ± 0.7
Stand
height (m)
7.4 ± 1.2
5.9 ± 0.3
6.7 ± 0.3

203
167
183
Stand age
(years)
74
74
74

Mid-density

1
2
3

5000.0 ± 1000.0
6000.0 ± 1000.0
8000.0 ± 2000.0

27.1 ± 5.2
31.9 ± 6.5
70.2 ± 4.4

5.4 ± 0.4
5.4 ± 0.6
6.7 ± 0.5

74
74
67

High-density

1
2
3

37000 ± 5000
18000 ± 2000
28000 ± 9000

45.8 ± 7.4
93.8 ± 3.3
63.7 ± 5.7

3.4 ± 0.3
4.3 ± 0.5
3.7 ± 0.3

74
74
74

Mid-successional

Late-successional
Stand density
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Table 1.2: The results of a two-way ANOVA of shrub characteristics along two
larch stand gradients (successional age and stand density) in northeastern Siberia.
Bolded numbers represent significant values.
Successional stage
Shrub density
Basal diameter
Shrub height
Model parameters F Ratio P-Value F Ratio P-Value F Ratio
P-Value
Stand stage
4.73
0.06
0.20
0.83
0.19
0.83
Species
13.23
0.01
0.93
13.00
0.01
0.01
Stand stage*species
6.62
0.50
0.63
0.49
0.64
0.03
Stand Density
Shrub density
Basal diameter
Shrub height
Model parameters F Ratio P-Value F Ratio P-Value F Ratio
P-Value
Density
6.56
5.13
0.06
3.72
0.09
0.03
Species
32.16
0.49
0.51
45.94
< 0.01
< 0.01
Density*species
3.52
0.10
1.77
0.25
1.28
0.34
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Table 1.3: Results of one-way ANOVA of general animal use along two larch
stand gradients (successional age and stand density) in northeastern Siberia.
Bolded numbers represent significant values.
Successional stage
Stand Density
Animal use
F Ratio(df) P- Value
F Ratio(df) P- Value
Burrow
0.21(2,6)
0.82
3.95(2,6)
0.08
Moss disturbance
5.18(2,6)
5.15(2,6)
0.05
0.05
Ground cover disturbance 0.13(2,6)
0.88
3.53(2,6)
0.10
Game trails
1.80(2,6)
0.24
1.34(2,6)
0.33
F Ratio(df) P- Value
Scat
F Ratio(df) P- Value
Hare
5.38(2,6)
8.79(2,6)
0.05
0.02
Ptarmigan
1.34(2,6)
0.33
0.73(2,6)
0.52
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Table 1.4: The results of a two-way
ANOVA run on mountain hare browse
along two larch stand gradients
(successional age and stand density) in
northeastern Siberia. Bolded numbers
represent significant values.
Successional stage
Hare Browse
Model parameters F Ratio P-Value
Stand stage
1.51
0.26
Species
0.71
0.41
Stand stage*species
2.98
0.09
Stand density
Hare Browse
Model parameters F Ratio P-Value
Density
1.70
0.22
Species
1.87
0.20
Density*species
0.05
0.95
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Chapter three: Impacts of small-scale animal disturbances on soils and vegetation in
a boreal treeline community in northeastern Siberia
Abstract
Arctic ecosystems, including boreal forests and tundra, occur at high latitudes
where cold and moist conditions favor ground layer dominance by mosses and slow
decomposition rates, resulting in a thick soil organic layer (SOL) comprised primarily of
decomposing mosses and roots. The SOL plays a critical role in plant-soil feedbacks
because it insulates and protects underlying permafrost soils and creates a barrier to seed
germination. Thus, disturbances to the SOL may indirectly affect soil properties that
influence stability of underlying permafrost and vegetation composition. Here, I assess
the effects of small-scale animal disturbances to the SOL in an altitudinal boreal treeline
ecosystem in far northeastern Siberia. At the center of new and old disturbed patches
(DP) and in adjacent undisturbed areas (UA), I measured SOL depth, soil temperature,
active layer thaw depth, soil moisture, and vegetation percent cover during summer 2014.
SOL depth was ~ 3.5 times shallower in new (~ 4 cm) and old DP (~ 3 cm) compared to
UA (~ 11 cm). Soil substrates in both new and old DP were warmer, with deeper thaw
depths and higher moisture (~7 oC, 0.6 m, and 0.27 m3/m3, respectively) compared to UA
(~ 4 oC, 0.4 m, and 0.06 m3/m3, respectively). Newly-disturbed patches had 3.5 times
higher bare area (46%), two-fold higher graminoid cover (10%), and 1.4 times lower
evergreen shrub cover (16%) compared to old patches. These results suggest that animal
disturbances alter soil substrate characteristics by decreasing SOL depth, leading to
warmer surface soils and deeper thaw depths. These changes may provide a deeper
rooting volume and facilitate colonization and growth of vascular plants, especially
shrubs. Because of known differences in the ecological role of mosses compared to
shrubs with regard to carbon and energy balance, understanding mechanisms by which
animal disturbances alter soil characteristics, and in turn vegetation dominance, is
important for predicting future soil-vegetation feedbacks in a warming climate.
Introduction
Understanding mechanisms that affect soil characteristics in Arctic ecosystems is
essential for predicting patterns of plant community heterogeneity. At high latitudes,
cold, moist conditions favor ground layer dominance by mosses and slow decompositions
rates (Hobbie et al. 2000), which over time, create a thick soil organic layer (SOL)
composed primarily of dead moss. The moss-derived SOL has several important
ecological roles. The SOL reduces evapotranspiration which in turn keeps soils moist
(Gornall et al. 2007). Moist soils are particularly important for moss reproduction as they
provide increased movement for gametes (Cornelissen et al. 2007). The SOL insulates
and protects underlying permafrost soils from warming during the growing season
(Gornall et al. 2007; Schuur et al. 2008). As SOL depth increases, seasonal thaw

of the permafrost active layer occurs later in summer, reducing the growing season for
vascular plants (Beringer et al. 2001, Gornall et al. 2007). The porosity of the SOL
creates an unstable moisture environment where the substrate dries out quickly and easily
during periods of low rainfall (Greene et al. 2007). Low moisture limits seed germination,
and thus limits seedling recruitment (Wang and Kemball 2005; Johnstone and Chapin III
2006). Restricting active layer thaw also reduces soil volume available for root growth
(Chapin III and Shaver 1981; Schuur et al. 2008), limiting plant diversity to those and
creating a competitive advantage for non-vascular plants with no rooting systems (Bliss
and Cantlon 1957; Dennis and Johnson 1970). Growth of vascular plants and nutrient
mineralization rates are limited by cold soil temperatures associated with thick SOL
depths (Van Cleve et al. 1983). However once established, vascular plants can out
compete mosses by shading underlying soils (van der Wal et al. 2005; Pajunen et al.
2011) and producing leaf litter that impedes moss growth (Schmalholz and Granath
2014).
Arctic animals that disturb the moss/ SOL layer while foraging, traveling, or
burrowing may promote changes in soil conditions that eventually influence ground layer
vegetation dominance. Mosses provide food (Weeden 1969; Batzli 1993; van der Wal
2006; Aunapuu et al. 2008) and/or shelter (Batzli et al. 1980) to some Arctic animals,
especially during harsh winter months (Pruitt 1957). Animal browsing and trampling can
reduce moss/SOL thickness, thereby increasing soil temperatures (van der Wal et al.
2001) and promoting vascular plant growth (Arft et al. 1999; Post and Pedersen 2008).
Burrowing rodents can create many small patches (< 0.25-m2) where the resulting plants
represent a variety successional stages in a relatively small area (~2 hectares; Inouye et
al. 1987). Thus, animal disturbances (both large and small scale) to moss communities
have the capacity to create a patchwork of different vegetation functional types of
varying age. However, the role of animal disturbances in creating this vegetation mosaic
in arctic ecosystems remains unclear. Understanding how animal-driven changes in soil
conditions impact vegetation communities is necessary for predicting future vegetation
communities, especially as animal activities and population dynamics change with
changing climate (Callaghan et al. 2004; Legagneux et al. 2014; Marcot et al. 2015).
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A shift in dominant functional type from non-vascular mosses to vascular plants,
like shrubs, could have numerous implications for ecosystem function. Increasing shrub
densities have the capacity to alter winter surface albedo (Groisman et al. 1994;
Euskirchen et al. 2007; Euskirchen et al. 2009). Taller shrubs (e.g. willow and dwarf
birch) stick out of the snow and reduce the amount of reflected light, and increased shrub
densities could absorb more energy leading to earlier spring snow melts (Bonfils et al.
2012). Shrubs also trap snow during the winter months, effectively increasing thermal
insulation (Sturm et al. 2001). Increased snow depths can lead to warmer winter soil
temperatures, larger spring runoff and potentially increased winter CO2 emissions (Sturm
et al. 2001; Liston et al. 2002; Merbold et al. 2011) A shift in vegetation dominance
could also increase the amount of stored aboveground carbon. Woody tissues of vascular
plants tend to hold more carbon than mosses (Shaver et al. 1992). Shrubs could also
shade mosses and reduce the amount of moss contribution to the SOL, which could have
implications on fire severity, as the SOL is a major fuel source in the Arctic (Genet et al.
2012). Lower SOL depths could lead to fires that are less severe and allowing the
recovering community to begin sequestering C sooner than those recovering from a more
severe fire (Rocha and Shaver 2010). However, predictions suggest that the aboveground
carbon storage abilities of changing plant communities may not be enough to offset the
amount of C released from thawing permafrost (Schuur et al. 2008).
In this study, I compare soil substrate and ground layer vegetation characteristics
within small-scale disturbed patches of moss/SOL created by animal activities to adjacent
undisturbed areas within an altitudinal boreal treeline region in far northeastern Siberia.
While surveying animal use of boreal forest habitat during summer 2013, I discovered
distinct patches of disturbed moss and underlying SOL, which was pulled up in 2-3 cm
diameter clumps (Figure 2.1A), exposing mineral soils within an area ~ 0.2-0.4 m2
(Figure 1B). Disturbances often occurred in groups of 2-4 patches separated by 2-3 m of
undisturbed vegetation. The way in which clumps were pulled up and strewn about the
patches and the pattern of the disturbances throughout the study area are evidence that
animals made these patches. I have yet to identify which animal is causing the
disturbance, but I observed foraging evidence of brown bear (Ursus arctos) in nearby
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study plots and scat of both fox (either Vulpes vulpes or Vulpes lagopus Linnaeus) and
ptarmigan (Lagopus sp.) within the disturbed patches.
Although I cannot definitively conclude which animal created the disturbance, my
primary goals here were to quantify the effects of losing the protective qualities of moss
and SOL on soil conditions and to assess how changes to soil conditions influence plant
community composition. I hypothesized that animal disturbances to the moss/SOL would
have cascading effects on soil substrate conditions that alter dominance of vegetation
functional types, and that these effects would be amplified as the size of the disturbed
patch increased. Increased soil exposure to sunlight and air temperature post-disturbance
would increase surface soil temperature. Warmer soils would increase active layer thaw
depth, thereby increasing soil volume for root growth and once frozen nutrient and water
availability for plant uptake. I hypothesized that a shallow SOL following the disturbance
would increase establishment of new vascular plants because their seeds would be free of
the barriers (e.g. unstable moisture environment, distance to mineral soil) created by the
SOL. The open area created by the disturbance provides the ability for increased
abundance of shrubs and grasses. As such, the recovering vegetation community should
have a different composition than that observed in undisturbed portions of the moss mat
(Figure 2). Animal disturbances altering soil characteristics could be an important
mechanism causing plant community heterogeneity witnessed throughout this altitudinal
boreal treeline in northeastern Siberia, as well as other Arctic ecosystems.
Methods
Study Area
Animal disturbances to the moss/SOL were measured within an altitudinal boreal
treeline vegetation community near the Northeast Science Station in Cherskii, Sakha
Republic, Russia (68.73N, 161.52E). The station is ~250 km north of the Arctic Circle
and ~130 km south of the Arctic Ocean, and the study area was 133 m above mean sea
level. While the elevation appears to be relatively low for a tree line, it is important to
consider the extreme weather conditions that occur within this region. Air temperatures
range from 12 oC in June to -33 oC in January, with an annual average temperature of -11
o

C (Cherskii Meteorological Station). This region resides upon continuous permafrost

soils, and only one tree species, Cajander larch (Larix cajanderi), grows atop these soils
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in northeastern Siberia (Abaimov 2010; Osawa and Zyryanova 2010). All of which
impact plants and limit the elevation of altitudinal treelines to comparably low heights
(Timoney et al. 1992).
I characterized ground layer vegetation in the study area as a mosaic of mosses
interspersed with dwarf shrubs (< 0.5 m tall). Mosses consisted primarily of
Aulacomnium turgidum, and the most common lichen species was Cladonia rangiferina.
Tall deciduous shrubs included dwarf birch (Betula spp.) and willow species (Salix spp.),
which occurred at densities of 8.09 ± 1.40 individuals/m2 and 1.18 individuals/m2,
respectively (Thesis Chapter 1, White 2015). Blueberry (Vaccinium ovalifolium) was the
only low-growing deciduous shrub present. Evergreen shrubs included cranberry
(Vaccinium vitis-idaea), Labrador tea (Rhododendron subarcticum), and crowberry
(Empetrum androgynum). Grasses were noted but not identified by species. Forb species
(e.g. Artemisia tilesii, Pedicularis lapponica, Epilobium angustifolium, Rosa acicularis)
occur in this region, but were not detected in my study plots.
Patch Density and Size
To determine the density and size distribution of animal disturbances to the
moss/SOL, 10 belt transects (4-m wide x 100-m long) were established at least 100 m
apart across the altitudinal boreal treeline study area. All disturbed patches within the belt
were marked and then categorized into two age classes, either new (clumps of removed
moss/SOL present, but moist and green), or old (clumps of removed moss/SOL present,
but dried up and brown). Patch size was estimated by measuring the longest length and
the narrowest width. Because patches were not circular, the formula for the area of an
oval was used to calculate patch size.
Soil Conditions
To assess the impact of animal disturbances to the moss/SOL layer on soil
conditions, five of the 10 transects described above were selected for intensive sampling
based on the following criteria: (1) presence of > 10 each of new and old patches, (2)
patches adjacent to an undisturbed moss patch that was at least 1 m away from the nearest
disturbed patch, and (3) soil substrate free of large rocks, as these interfere with
permafrost thaw depth measurements. Along each of the five selected transects, 10
patches of each age class were selected for soil measurements by walking down the
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transect line and choosing the first 10 patches from each age class that met the criteria. I
also tried to encompass as wide arrange of patch sizes as I could fit into the previously
stated selection criteria.
To determine if effects of moss/SOL disturbance gradually diminish with distance
from the disturbance, soil substrate measurements (soil substrate temperature, active layer
thaw depth, and soil substrate moisture) were taken at the center of each patch and in
undisturbed moss at 0.25 m, 0.50 m, 0.75 m, and 1 m from the edge of the disturbed
patch. To identify the differences a potential new seed would encounter, I decided to
measure differences in soil substrates. Substrates within disturbed patches consisted
primarily of mineral soils with very little organic material present, whereas substrates
within undisturbed locations were comprised of a thick organic layer. Soil substrate
temperature was taken using a 10-cm long soil thermometer with a type k thermocouple
(model TMD-52, AMPROBE, Everett, WA, USA). Thaw depth was determined by
inserting a 1-m long metal probe into the ground until encountering resistance (i.e.,
permafrost layer), and then measuring the distance from the tip of the probe to where the
shaft first stuck out of the ground surface. Soil substrate moisture was measured using a
5-cm long soil moisture sensor attached to a hand-held data logger (model GS3, Decagon
Devices, Pullman, WA, USA). Soil substrate temperature and moisture were both taken
from just below the green moss layer and down into the SOL and/or mineral soil layer.
Because soils thaw throughout the growing season, soil measurements were limited to
three days (July 18-20, 2014).
Ground Layer Vegetation
To assess how moss/SOL disturbances indirectly affected plant community
composition, percent cover of vegetation functional types was assessed during a 3-day
period (July 19-21, 2014) in the same patches used for soil measurements. Vegetation
measurements consisted of laying a 0.25 x 0.25-m quadrat subdivided into a 5-cm grid
and visually estimating the percent cover of functional groups present. The quadrat was
positioned to encompass the entire patch. In all instances the grid fit within the disturbed
area of each patch. Vegetation occurred at different heights (e.g. ground layer, shrub
layer). As a result, percent covers could be recorded at > 100%. Measurements were
taken at the center of the disturbed patch and at undisturbed moss patch 1 m away.
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Camera Traps
Camera traps were set in the field in an attempt to determine which animal species
was responsible for creating the disturbances. Five traps (Cabela’s Outfitter Series
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8MP Black IR Trail Camera, Cabela’s Incorporated, Sidney, NE, USA) were placed near
new disturbed patches. Disturbances also required a high level of undisturbed vegetation
nearby in an attempt to capture the formation of a new disturbance. Cameras were
installed at least 25 m apart and faced in alternating east and west directions. Traps were
set at different heights. Two were set at ground level to capture smaller animals that may
have moved to the disturbed site, and the remaining three cameras were placed at a height
of 1.5 m to capture larger animals entering the disturbed site. Cameras were set to rapidly
take three photos at 1-second, with a reset delay of five minutes. Traps were left in the
field for two weeks starting July 7th 2014, and had their memory cards changed after the
first week.
Statistics
I initially tested for patch age effects on soil and vegetation response variables
using a completely randomized block design with transect as the block (random effect)
and patch age as the treatment (fixed effect). I chose to evaluate transect as a random
effect because I observed variability in several factors across the study area, including
elevation, soil rockiness, and larch tree density, that I believed might influence animal
behavior. However, initial statistical analyses indicated that transect consistently failed to
produce significant effects; thus, this random effect was removed from the statistical
model.
To determine disturbed patch size distribution across the study area, I counted the
number of patches that occurred within four different size categories (< 0.10, 0.11-0.25,
0.26-0.50 and >0.50 m2). I then determined the patch density of each size category by
dividing the count by the area of the belt sampled (400 m2). This was done on a transect
basis (n = 10) and then averaged. To understand differences in patch characteristics,
differences in patch density between new and old patches for each size class were
compared. This was done using a two-way analysis of variance (ANOVA), with age (new
and old), size category (< 0.10, 0.11-0.25, 0.26-0.50 and >0.50 m2) and their interaction
as fixed factors. Significant differences (p < 0.05) in main effects were followed by a
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post-hoc Tukey’s honestly significant difference (HSD) test to determine differences
among mean patch densities within the different size categories. Size of patches sampled
specifically for soil measurements were compared by age using a one-way ANOVA. This
was conducted to identify whether or not patch size was different between age classes, as
I predicted larger disturbances would have an amplified effect on soil parameters. I also
conducted linear regressions to determine if patch size influenced soil parameters.
Soil data were analyzed to identify differences between undisturbed and disturbed
patches as well as changes as a function of increasing distance from the disturbance.
Differences between soil parameters measured at the center of new and old disturbed
patches and those located 1 m away in undisturbed moss were analyzed with a one-way
ANOVA (fixed effect was patch age, which included new, old, and undisturbed
treatments). A significant treatment effect was followed by a post-hoc Tukey’s HSD test
to determine differences among treatment means. To determine if the effects from
moss/SOL disturbance on soil parameters gradually diminished with increasing distance
from the disturbance, regression analyses were conducted. Data were fit with linear and
curvilinear (exponential and logarithmic) models, and model fit was assessed based on
AICc values. If the ΔAIC was > 5, the more parsimonious model was selected. All data
were found to best fit a linear model, or to show no pattern over distance. Differences in
rates of change as a function of patch age and distance from disturbance edge were then
tested with an analysis of covariance (ANCOVA).
A one-way Multiple Analysis of Variance (MANOVA) was conducted to
examine differences in vegetation communities (based on percent cover by functional
type) associated with new, old, and undisturbed patches. A significant value was
followed by individual ANOVA’s conducted on individual plant functional groups to
determine differences between functional groups (if any) were contributing to any
difference. Significant differences between new, old and undisturbed patches were
determined with a post hoc Tukey’s HSD.
Prior to all analyses, assumptions of normality were tested using a Shapiro-Wilk
W test, and assumptions of homoscedasticity were tested with a Brown-Forsythe test.
Data for SOL depths and soil substrate temperatures were square root transformed to
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meet these underlying assumptions. All analyses were conducted using JMP v. 11
statistical package (SAS institute 2013).
Results
Patch Density and Size across the Study Area
Overall, density of new (500 ± 129.5 patches/ha) and old (397.2 ± 105.0
patches/ha) disturbed patches was similar across the study area, but new disturbed
patches were 43% smaller (0.08 ± 0.02 m2) than old patches (0.14 ± 0.02 m2; p = 0.01).
Consequently, new patch density was greatest (390.0± 100.8 patches/ha) in the smallest
patch size category (< 0.10 m2), while old patch density was greatest (180.6 ± 62.9
patches/ha) in the second smallest patch size category (0.11 – 0.25 m2) (Figure 2.3).
Soil Conditions
Animal disturbances to the moss/SOL dramatically altered soil conditions (Table
2.1; Figure 2.4). Animal disturbances reduced SOL depth 3-4 fold from 11.34 ± 0.40 cm
in undisturbed areas to 3.60 ± 0.34 cm and 2.58 ± 0.29 cm in new and old disturbed
patches, respectively (Table 2.1; Figure 2.4A). The 30% difference (p < 0.01) in SOL
depth between old and new patches reflected the presence of residual, undecomposed
moss clumps. Substrates in old patches were significantly warmer (8.08 ± 0.33 oC; p <
0.01) than new patches (6.57 ± 0.28 oC), and both ages of disturbed patches were ~ 1.5 to
2 times warmer (p < 0.01) than substrates in undisturbed areas (4.03 ± 0.18 oC) (Table 1).
Consequently, thaw depths were deepest in old (0.66 ± 0.01 m) compared to new (0.58 ±
0.02 m) disturbed patches (p < 0.01), and both disturbed patch types were 30-40% deeper
(p < 0.01) than undisturbed regions (0.40 ± 0.02 m). Soils were drier in undisturbed (0.07
± 0.01 m3/m3; p < 0.01) regions compared to disturbed (0.27 ± 0.01 m3/m3) patches, but
there was no difference in soil moisture between new and old patches (p = 0.26).
Patch size had minimal effects on soil conditions. In old patches, soil
temperatures exhibited a positive linear increase with patch size (Figure 2.5A; R2 = 0.23;
p < 0.01). In new patches, thaw depth increased slightly with patch size (Figure 2.5B;
R2= 0.13; p = 0.01). However, both of these trends were weak and exhibited substantial
variability around the best-fit line. For both new and old disturbed patches, patch size and
soil moisture did not co-vary (new: R2 < 0.01; p = 0.53; old: R2 = 0.08; p = 0.06).
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The effects of animal disturbances to the moss/SOL on soil conditions tended to
decrease with increasing distance from the disturbance edge (Figure 2.6; Table 2.2). In
old disturbed patches, SOL depth increased ~ 0.65 cm for every 25 cm away from the
disturbance edge (from 9.23 ± 0.53 to 11.86 ± 0.62 cm); in contrast, in newly-disturbed
patches, SOL depth remained relatively constant (10-11 cm) with distance from the edge
(Figure 2.6A; Table 2.3). Soil temperature decreased linearly (Table 2.2) with distance
from the disturbed patch edge, from 4.94 ± 0.22 and 5.56 ± 0.24 °C at 0.25 m distant in
new and old patches, respectively, to 3.94 ± 0.26 and 4.12 ± 0.26 °C (new and old
patches, respectively) at 1.0 m distant (Figure 2.6B); the rate of change was similar for
new and old patches (p = 0.26; Table 2.3). Thaw depth of new and old patches decreased
from 0.49 ± 0.02 and 0.53 ± 0.02 m (new and old patches, respectively) at 0.25 m from
patch edge to 0.40 ± 0.02 m (for both new and old patches) at 1.0 m distant (Figure 6C).
The rate of decrease was linear (Table 2.2) and similar between patch ages (p = 0.44;
Table 2.3). Adjacent to old patches, soil moisture decreased ~ 40% from near the
disturbed patch edge (~ 0.11 ± 0.01 m3/m3) to 1.0 m distant (0.07 ± < 0.01 m3/m3; Figure
2.6D), but this change did not produce a significant linear trend (R2 = 0.77; p = 0.12;
Table 2.2). Adjacent to new patches, soil moisture decreased ~ 17% over the same
distance, from 0.09 ± 0.01 to 0.07 ± 0.01 m3/m3. The rate of decrease did produce a
significant linear trend (R2 = 0.99; p <0.01; Table 2.2).
Ground layer Vegetation
Percent cover of ground layer vegetation within disturbed patches was distinctly
different from undisturbed regions (p < 0.01; Figure 2.7; Table 2.1). As expected, moss
cover was substantially higher in undisturbed areas (96.85 ± 1.21 %) compared to new
(1.4 ± 0.56 %) and old (2.76 ± 1.39 %) disturbed patches (p < 0.01). Additionally,
graminoid cover was approximately two times higher (11.46 ± 1.6 %; p < 0.01) in newlydisturbed patches compared to undisturbed (5.17 ± 0.80 %) and old patches (5.75 ± 1.13
%). Undisturbed areas also had relatively low lichen cover (1.73 ± 0.43 %) compared to
old patches (p = 0.01; 4.32 ± 1.04 %) and two times higher deciduous shrub cover (35.02
± 2.14 %) compared to new (10.14 ± 0.68 %) and old (10.62 ±1.76 %) patches (p < 0.01).
To determine if deciduous shrub species displayed different coverage between ages I ran
an additional ANOVA. Blueberry was approximately two to four times greater in
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abundance than willow and dwarf birch within all three age groups (Appendix 2). Old
patches had higher evergreen shrub cover (22.94 ±1.87 %) than new (15.9 ± 1.61%)
patches, while undisturbed areas (17.64 ± 2.93%) were similar to both disturbance
categories. To determine if evergreen shrub species displayed different coverage between
ages I ran an additional ANOVA. In all age categories, cranberry provided the largest
percent cover of evergreen shrubs (~ 11 %; Appendix 3). Newly-disturbed patches had
approximately four times greater bare area cover (45.90 ± 3.10%) than old disturbed
patches (12.20 ± 1.10%), and both age categories had substantially more bare ground
than undisturbed (0.15 ± 0.15%) areas (Table 4).
Camera traps
Although camera traps took over 1500 pictures in a two-week period, none of
these pictures identified the animal responsible for creating disturbances to the
moss/SOL. Motion sensors on the cameras were triggered by large mosquitos and flies.
Trees holding the cameras were also moved by the wind which contributed to setting off
the camera.
Discussion
Results of this project support the overarching hypothesis that animal disturbances
to the moss/SOL have cascading effects on soil conditions which may influence dominant
vegetation functional types. The disturbance itself creates an opening of bare area within
the SOL. Bare patches provide newly-available space for plants to establish and grow
(Connell and Slatyer 1977; Sousa 1984). In addition, disturbed patches had warmer
surface soils, deeper thaw depths, and higher soil moisture compared to undisturbed moss
patches. My data suggest that effects of animal disturbances on soils often extend into
regions immediately surrounding the disturbance. Warmer, wetter soils with increased
rooting volume within the disturbed patches and in immediate adjacent regions could
provide a mechanism for vascular plants to spread into new areas. The biggest
contribution to differences noted with plant community was between groups for moss,
deciduous shrubs and bare ground. Areas of open soil and limited moss recovery could
lead to increased vascular plant establishment and growth. The differences noted in both
soils and vegetation could lead to a small-scale transition away from non-vascular plant
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communities, and a mechanism in which a mosaic of vegetation functional types is
created within the boreal treeline area.
Soil Conditions
Similar to other studies, a disturbance-mediated decrease in SOL depth coincided
with warmer surface soils and deeper thaw depths (Gornall et al. 2007; Wookey et al.
2009; Gornall et al. 2009; Turetsky et al. 2012). These effects were most pronounced in
old patches, suggesting that length of time since disturbance and summertime exposure to
external conditions like sunlight and air temperatures create cumulative effects on soil
conditions. Although not measured, disturbances may also alter wintertime soil
temperatures, as the concave-shaped disturbed patches could accumulate deeper snow
depths than adjacent undisturbed regions, and deeper snow packs lead to warmer winter
surface soil temperatures (Sturm et al. 2001; Zhang 2005). Warmer soils may also
increase winter nitrogen mineralization rates (Schimel et al. 2004). The concave shape of
the patch could capture more snow and lead to increased soil moisture during spring
snow melt, providing more water for plants at the beginning of the growing season
(Schimel et al. 2004).
Animal disturbances also increased surface soil moisture, and the degree of
increase was similar in new and old disturbed patches. Increased soil moisture in
disturbed patches could be due to several factors. Most likely, differences in soil moisture
between disturbed and undisturbed areas reflect differences in substrate type measured.
The soil moisture probe contacted more mineral soil in the center of the disturbance,
compared to more organic material in undisturbed regions. In essence, the measurement
compared differences in moisture between mineral and organic soils. In addition,
unlocked moisture from thawed soils may have wicked to the soil surface (Douma et al.
2007; Dempster et al. 2013), or alternatively, decreased vegetation cover and coincident
evapotranspiration could have increased water availability (Young et al. 1997). Following
fire disturbance events in tundra regions of Alaska soil moisture also increased, the effect
of which lasted for at least four field sampling seasons (Liljedahl et al. 2007). The SOL is
important for regulating cold temperatures of soils, and in losing that insulating layer
once frozen water at the upper permafrost layer is released into the active layer (Shur et
al. 2005; Liljedahl et al. 2007). These differences in moisture could have several
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consequences for plant establishment and growth. First, differences in surface soil
moisture could affect initial plant establishment by altering the microsite onto which
seeds germinate. If surface moisture is low, seeds often desiccate and become non-viable
(Johnstone and Chapin III 2006). Next, increased thaw as a result of the disturbance in
immediately adjacent soils could lead to wetter soils underneath the SOL substrate. If
moisture is truly more available within the rooting zone of disturbed patches, this could
encourage vascular plant growth because these functional types require more water
(Billings 1987)
Differences in patch size suggest that patches continue to increase in size as they
age. The majority of new patches found were in the smallest size range (< 0.01 m2), while
the majority of old patches were in the second smallest size range (0.01-0.25 m2). These
differences in patch size between new and old disturbances suggest that patch size
increases over time. Shrubs growing in or near the disturbance patch could be reducing
moss production along the edge of the patch through direct shading or leaf litter inputs,
that could also shade or physically impede moss growth (Schmalholz and Granath 2014).
Also, there were instances where disturbances displayed characteristics of both new and
old patches. In these instances old patch criteria was met, where clumps in the center
where dried up and brown. However, along the edge of the patch new green clumps of
moss were present and appeared to signify that area had been recently disturbed. While I
avoided sampling these patches because of their heterogeneity, they suggest another
mechanism in which patches grow over time. An animal could return to a disturbed patch
the following year and remove more moss clumps from the edge, thus increasing patch
size.
Correlations between patch size and soil parameters occurred; however, they were
weak and displayed a lot of variation. This could be an aspect of a skewed sample set, as
patch sizes measured for soil parameters where typically small. The results do suggest
that the size of the patch influences soil parameters, supported by positive trends in soil
temperature and active layer thaw depths. However, the data do not provide a confident
result. Logically, a bigger disturbed patch would have a greater area that could be
impacted by environmental factors (e.g. air temperature, sunlight, and rain) which could
lead to an amplified effect on soil parameters.
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Ground layer vegetation
The plant community within disturbed patches differed from the undisturbed
community, especially in percent cover of bare ground, moss and deciduous shrubs.
Increased open space for seeds to land on and seedlings establish could be a mechanism
for a shift in plant community structure (Sousa 1984). In terms of succession, earlysuccessional plants should occur higher in abundances within new patches, and higher
abundances of late-successional plants should occur in old patches (Sousa 1984; Bliss
and Gold 1994; Jones and Henry 2003). For instance, graminoids often appear soon after
a disturbance (McKendrick 1987). In my disturbed patches, I found higher percent cover
of graminoids in new patches than old or undisturbed areas. Grasses could be
outcompeted for resources as time progresses which could explain why their presence is
lower in the other two age categories. Winter grazing by large or small mammals can also
decrease graminoid abundance (Grellmann 2002). Grazing could be providing a
competitive edge for other vascular plants, such as evergreen shrubs, to increase in
abundance (Grellmann 2002). As seen in the data, higher abundances of evergreen shrubs
appeared in old patches. This could be the first sign in a vegetation shift. Vegetation
recovery in tundra and alpine environments depend on a variety of ecological factors
such as soil moisture, nutrient availability and temperature (both air and soil; Truett and
Kertell 1992). However, one of the bigger factors influencing plant recovery are seed
inputs from nearby plants, the seed bed and the ability of plants to sprout from rhizomes
(Vavrek et al. 1999). The relatively small disturbance area and the close proximity of
living vascular plants should promote increased abundances of shrubs and graminoids.
Due to the slow growing nature of lichens (Cornelissen et al. 2007) and the limited
recovery of mosses noted, the potential for vascular plants to take over these patches is
entirely possible.
Patterns in Animal Activity
The difference in percent cover of deciduous shrubs within undisturbed and
disturbed patches suggests that the selection for disturbance sites may include regions
that initially had low shrub densities. Simple animal behavior could explain that whatever
animal is causing the disturbance is identifying regions containing less barriers (in this
case shrubs; Remsen Jr and Robinson 1990). There was very little sign of damage to
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surrounding shrubs, as well as no evidence of removed individuals of shrubs. The
patterns of individual deciduous shrub species occurring in and outside of disturbance
also supports this claim, as blueberry, dwarf birch, and willow all followed the same
pattern of higher percent covers in undisturbed locations.
A piece that could aide in understanding why some portions of the SOL are being
removed is identifying which animal is causing the disturbance. Through identification,
hypotheses can be drawn as to the reason for creating the disturbance. For example, diet
studies examining stomach contents could identify plant or insect remains which can be
found within the SOL. Unfortunately, no pictures of wildlife were captured during the
data collection period of this project. Currently evidence of ptarmigan species (Lagopus
spp.) present within this region support the idea that these animals are causing the
disturbance. Scat from these birds were consistently found nearby disturbed patches, and
studies have found moss in crop analyses (Weeden 1969). While moss may be a part of
this species diet, available literature does not discuss the manner in which the bird eats
moss. Fox (either Vulpes vulpes or Vulpes lagopus) scat was also been found within, or
near, disturbed patches. Fox have a variety of eating behaviors that could create disturbed
patches. They pounce through snow when hunting rodents; the resulting digging action
could create a disturbance. Fox also cache food (Macdonald 1977), burying it for later
consumption, which could explain the disturbance. Bear signs were evident in a region
nearby this study area. Bears dig in soil looking for edible roots (Hamer and Herrero
1987). However, the clumps pulled up from the SOL appear to be too small to be a result
of digging by bears. Microtine rodents could also create disturbed patches, because they
feed on mosses directly or forage for invertebrates living within the SOL (Wolff and
Lidicker Jr. 1980). While no animal was captured on camera during this study, camera
traps remain a viable option for future attempts for identifying animals.
Future Project Suggestions
Understanding the resiliency of the plant system will be important for identifying
the full effect of removing the moss layer (Post et al. 2009). At this point it is difficult to
conclude what the plant community within the patch will look like in the future. Patches
may fully recover lost moss and regain a community makeup similar to that of the
undisturbed areas noted in this project. However, if vascular plant cover increases moss
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abundance will decrease (Jonasson 1992). The scope of this study provides a window into
what differences these SOL disturbances are creating in regards to soil parameters.
However, a full timeline of moss recovery or plant establishment will create a better
understanding of how changing soils conditions impact plant communities in this region.
Time is the one component of this study that is most difficult to take into account. At the
present, knowing the exact age of each disturbance is difficult. I do not yet know how
many years it takes for a disturbance, originally characterized as new, to take on the
characteristics of an old patch. Thus, the ability to account for variation in the true age of
the patches is difficult. Time will also explain what the vegetation composition of a patch
will look like in a few years. A long term study involving experimentally creating
disturbed patches could provide some of the answers created from this study. Following
changes from an initial disturbance in soil parameters, plant establishment and growth
will provide a better representation of the recovering plant community.
Conclusion
This research provides important information about how small-scale animal
disturbances alter the SOL and change underlying soil conditions. The disturbance
removes part of the SOL, thus increasing soil temperature, thaw depth, and soil moisture.
Changes in these soil parameters positively influence the establishment and growth of
vascular plants (van der Wal 2006; Gornall et al. 2007), and as such, could provide a
plausible mechanism for heterogeneity in vegetation community structure throughout the
study region. Currently, the study site consists of a mosaic of new and old disturbed
patches intermixed with undisturbed mosses and areas of deciduous and evergreen
shrubs. This variability could represent different stages of vegetation recovery following
animal disturbances to the SOL. The areas with high shrub abundance could have been a
disturbance site; however, the patch had recovered enough to no longer display the
disturbance characteristics used in this study. Further investigation into this mechanism is
particularly important because of known differences in the ecological role of mosses and
shrubs with regard to carbon and energy balance. Understanding this mechanism could
provide more insight to the impact animal disturbances play on soil characteristics and
vegetation community heterogeneity, as well as carbon, water, and nutrient cycling.
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Figure 2.1: Examples of moss and soil organic layer clumps following an animal disturbance. Clumps
were pulled up from the moss mat in an altitudinal boreal treeline community in northeastern Siberia. (A)
Clumps were ~ 2-3 cm in diameter. (B) Disturbances sometimes covered areas > 2-m2, but typically created
patches of ~ 0.2-0.4-m2.
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Figure 2.2: Hypothetical model of the cascading effects of animal disturbances to the moss/SOL on soil
conditions and vegetation functional types in a boreal treeline community in northeastern Siberia. See
description in the Introduction section for more details.
+ Bare Soil
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Figure 2.3: Mean (± SE) size and density of new and old disturbed moss/SOL patches in an
altitudinal boreal treeline community in northeastern Siberia. Bars not connected by the same letter
are significantly different (p < 0.05).
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Figure 2.4: Mean values (± SE) for soil parameters within center of disturbed moss/SOL patches and
adjacent (1 m distant) undisturbed areas within an altitudinal boreal treeline community in northeastern
Siberia. Soil parameters include (A) soil organic layer (SOL) depth, (B) surface (0 - 10 cm) substrate
temperature, (C) active layer thaw depth, and (D) surface (0 - 5 cm) substrate moisture. Bars not connected
by the same letter are significantly different.
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Figure 2.5: Changes in soil parameters as a function of patch disturbance size (m2) in an altitudinal treeline
region of northeastern Siberia. Parameters include (A) surface (0 - 10 cm) substrate temperature and (B)
active layer thaw depth. Regression lines are only represented for significant linear models (p < 0.05).
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Figure 2.6: Mean values (± SE) for soil parameters measured at 0.25-m increments from the disturbance
edge over a 1-m distance in an altitudinal boreal treeline region of northeastern Siberia. Parameters include
(A) soil organic layer (SOL) depth, (B) surface (0 - 10 cm) substrate temperature, (C) active layer thaw
depth and (D) surface (0 - 5 cm) substrate moisture. Regression lines are only represented for significant
linear models (p < 0.10).
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Figure 2.7: Mean (± SE) percent cover of plant functional types and bare ground for new and old disturbances and undisturbed moss/SOL within an altitudinal
boreal treeline community in northeastern Siberia.
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Table 2.1: ANOVA results for soil parameters (soil organic
layer (SOL) depth, substrate temperature, thaw depth, and
substrate moisture) and plant functional types within
disturbed (new and old) and undisturbed areas in an
altitudinal boreal treeline region of northeastern Siberia. The
model parameter was patch age (new, old and undisturbed)
as the fixed effect. Significant values (p < 0.05) are
highlighted in bold text.
ANOVA
Soil Parameters
Soil organic layer
depth (cm)

F Ratio

P-value

215.13(2, 197)

< 0.01

Surface (0-10 cm) substrate
temperature (oC)

73.53(2, 192)

< 0.01

Thaw depth (m)

60.46(2, 197)

< 0.01

Surface (0-5 cm) substrate
Moisture (m3/m3)

179.84(2, 197)

< 0.01

Vegetation
MANOVA

F Ratio
17.04(2,11)

P-value
< 0.01

4.44(2, 12)
2411.84(2, 12)

0.01
< 0.01

Evergreen shrubs

4.05(2, 12)

0.02

Deciduous shrubs
Graminoids
Bare ground

66.61(2, 12)
7.35(2, 12)
258.66(2, 12)

< 0.01
< 0.01
< 0.01

Lichen
Moss
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Table 2.2: Linear regression results for soil parameters as a function of distance from disturbed patch edge within an altitudinal boreal
treeline community in northeastern Siberia. Measurements were taken at 0.25-m increments starting from the edge of the disturbance.
The relationship of the model fit is represented with a + for positive and a – for negative in front of the regression coefficient.
Significant values (p < 0.05) are highlighted in bold. Significance at p < 0.10 is represented with a *, and significance at p < 0.05 is
represented with **.
Surface (0-5cm)
Surface (0-10cm)
SOL depth
Thaw depth (m)
substrate moisture
Substrate temperature
(cm)
(m3/m3)
(oC)
Regression
Regression
Regression
Regression
Age
R2
p-value
R2 p-value
R2
p-value
R2
p-value
Coefficient
Coefficient
Coefficient
Coefficient
New 0.21
0.54
+0.43
0.81
-1.24
0.97 0.02 **
-0.10
0.99 < 0.01**
-0.03
0.10*
Old

0.96

0.02**

+3.72

0.93

0.04**

-1.93

0.93

60

0.04**

-0.13

0.77

0.12

-0.05

Table 2.3: ANCOVA results of soil parameters (soil organic layer (SOL) depth, substrate temperature, thaw depth
and substrate moisture) within undisturbed and disturbed moss patches (new and old) in an altitudinal boreal treeline
community in northeastern Siberia. Measurements were taken at 0.25-m increments starting from the edge of the
disturbance.
Surface (0-10 cm)
Surface (0-5 cm)
SOL depth
substrate
Thaw depth (m)
Substrate moisture
(cm)
temperature
(m3/m3)
(oC)
Model Parameters
Age
Distance from edge
Age*Distance from edge

F Ratio
0.12
10.34
6.52

P-value
0.73
< 0.01
< 0.01

F Ratio
6.06
27.51
1.28

P-value
0.01
< 0.01
0.26

F Ratio
1.14
24.06
0.59
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P-value
0.29
< 0.01
0.44

F Ratio
0.57
10.16
1.16

P-value
0.45
< 0.01
0.77

Chapter 4: Thesis Conclusion
Arctic research investigating the indirect effects of animal disturbances on
ecosystems has been a growing trend. However, little work has explored animals in
Siberia. While climate and vegetation functional types are similar across Polar Regions,
finer scale observations reveal key differences. For example, black spruce (Picea
mariana), an evergreen conifer, dominates boreal forests of Alaska and much of Canada,
while larch (Larix spp.), a deciduous cold-tolerant conifer, dominates boreal forests of
Siberia. In addition, boreal forests in Alaska and Canada grow on discontinuous
permafrost (< 90% of soils in the landscape are permanently frozen), while larch forests
in Siberia grow on continuous permafrost (>90% of soils in the landscape are
permanently frozen). As such, the behaviors of animals in a black spruce forest in Alaska
may have a different impact on their habitat than similar species living in a larch stand in
Siberia. This study has provided the initial ground work for understanding the
relationships between animals and boreal forest habitats in far northeast Russia. The
results from the general animal use, scat, and browse surveys along both gradients
provide an initial framework for understanding how larch stand characteristics influence
animal use. The results from the moss disturbance chapter display that animal
disturbances have the capability to provide heterogeneity within plant communities. By
altering soil characteristics within an altitudinal treeline habitat, animals have provided a
mechanism in which landscape heterogeneity could increase. This thesis has provided
baseline data that increased the understanding of plant-animal interactions and their
influence on plant communities, within an ecologically important yet understudied region
of the Arctic.

Appendices
Appendix 1: Results of z-Tests run on Browse Preference Index data along two larch stand gradients (successional age and stand density)
in northeastern Siberia. Values represented display significances either greater than or less than one. If P > z then the value is greater than
and not equal to 1. If P < z then the value is less than and not equal to 1. Bolded numbers represent significant values.
Z Test
Successional stage
Early
Mid
Late
Test statistic
P>z
P<z
Test statistic
P>z
P < z Test statistic
P>z
P<z
Willow
3.01
0.99
6.55
1.00
8.55
1.00
< 0.01
< 0.01
< 0.01
Dwarf birch
-35.10
1.00
-25.57
1.00
-7.87
1.00
< 0.01
< 0.01
< 0.01
Stand density
Low
Mid
High
Test statistic
P>z
P<z
Test statistic
P>z
P < z Test statistic
P>z
P<z
Willow
6.55
1.00
4.43
1.00
4.64
1.00
< 0.01
< 0.01
< 0.01
Dwarf birch
-25.57
1.00
-4.27
1.00
-3.99
1.00
< 0.01
< 0.01
< 0.01
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Appendix 2: Mean (± SE) percent cover of deciduous shrub species for new and old
disturbances and undisturbed moss/SOL within an altitudinal boreal treeline community
in northeastern Siberia.
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Appendix 3: Mean (± SE) percent cover of evergreen shrub species for new and old
disturbances and undisturbed moss/SOL within an altitudinal boreal treeline community
in northeastern Siberia
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